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Introduction
Most studies of neutralino production e + e − →χ 0 iχ 0 j and decay of neutralinos have been performed in the Minimal Supersymmetric Standard Model (MSSM). (See, for example [1] , [2] , [3] , and references therein.) Usually, in these studies the spin correlations between the production and decay process have been neglected. It is expected that these spin correlations are important in the angular distributions.
Angular distributions and angular correlations of the decay products of neutralinos can give valuable information on their mixing character. Their measurement is very suitable for constraining the parameter space of the MSSM. In this contribution we study e + e − →χ 0 1χ 0 2 with the subsequent decayχ 0 2 →χ 0 1 ℓ + ℓ − , including the complete spin correlations ofχ 0 2 . We also take into account beam polarization. We give numerical results for polarized cross sections, forward-backward asymmetries, lepton angular distributions, lepton opening angular distributions and lepton energy distributions at √ s = 500 GeV.
General Formalism
Both the production process, e + e − →χ 0 1χ 0 2 , and the decay process, χ 0 2 →χ 0 1 ℓ + ℓ − contain contributions from Z 0 exchange and froml L andl R exchange. A treatment of these processes properly taking into account the polarization ofχ 0 2 has been given in [5] following the method of [4] . The amplitude T = ∆ 2 P λ 2 D λ 2 of the combined process is a product of the helicity amplitude P λ 2 for the production process times the helicity amplitude D λ 2 for the decay process and the propagator ∆ 2 = 1/[s 2 − m 2 2 + im 2 Γ 2 ] −1 ofχ 0 2 with helicity λ 2 , summed over λ 2 . s 2 , m 2 , Γ 2 denote the four-momentum squared, mass and width ofχ 0 2 . The amplitude squared
is thus composed of the unnormalized spin density production matrix ρ
Interference terms between various helicity amplitudes preclude factorization in a production factor λ 2 |P λ 2 | 2 times a decay factor λ 2 |D λ 2 | 2 . The analytical formulae are given in [5] .
Numerical Results and Discussion
Neutralinos are linear superpositions of the photinoγ and the zinoZ and the two higgsinosH 0 a andH 0 b . The composition of the neutralino states depend on the three SUSY mass parameters M, M ′ (with the GUT relation
M tan 2 θ W ) and µ, and on the ratio tan β = v 2 /v 1 of the vacuum expectation values of the Higgs fields [6] . The masses of the sleptons are determined by the common scalar mass parameter m 0 , and M and tan β [7] . We shall consider two representative scenarios which differ significantly in the nature of the two lowest mass eigenstatesχ 
Unpolarized beams
The total cross section for the combined process is independent of spin correlations [8] . For unpolarized beams it is 4.7 fb in scenario (A) and 4.1 fb in scenario (B).
Lepton angular distributions
In Figs. 1 and 2 we present numerical results for the distribution dσ/d cos Θ − with Θ − being the angle between the outgoing leptons ℓ − and the electron beam in the laboratory system. We compare our results with those assuming factorization of the differential cross section into production and decay (Figs. 1-2).
The spin effect is largest in the forward and backward direction. For gaugino-like neutralinos it amounts to about 15%, for higgsino-like neutralinos it is smaller. The resulting forward-backward asymmetry A F B depends sensitively on the mixing character of the neutralinos. For higgsino-like neutralinos (scen. (A)) the angular distribution is nearly forward-backward symmetric with a minimum at Θ − = 90 o For gaugino-like neutralinos (scen. (B)), however, the forward hemisphere is favoured (Table 1) .
The lepton opening angle distributions
Owing to the Majorana character of the neutralinos the distribution dσ/d cos Θ +− of the opening angle between both outgoing leptons factorizes.
The distributions are completely different for scenario (A). (Fig. 6 ) and (B) (Fig. 7) . For gaugino-like neutralinos it is rather flat with a maximum near Θ +− = 40 0 , whereas for higgsino-like neutralinos it is much steeper with a peak at Θ +− = 0 0 (notice the different scales in Figs. 6 and 7) . For gaugino-like neutralinos the position of the maximum depends strongly on ). The opening angle distribution depends only slightly on the value of m 0 . Therefore, this distribution is more suitable for the discrimination between gaugino-and higgsino-like neutralinos than the lepton angular distribution which has a stronger m 0 dependence (compare with [9] ).
Polarized beams
We have computed the angular and energy distributions for longitudinal polarization P − = ±0.9 of the electron beam and P + = ±0.4 of the positron beam ( P ± > 0 (P ± < 0) for right-handed (left-handed) polarized beams).
In the following the different polarization states ared denoted by the sign of P − and P + , (0 0) denotes the case of unpolarized beams.
In Table 1 the total cross sections for the different beam polarizations are given in increasing order of magnitude. For higgsino-like neutralinos the cross section is highest for right-handed electrons and left-handed positrons. For the gaugino case it is highest for left-handed electrons and right-handed positrons due to the wino-like character ofχ 0 2 . For gaugino-like neutralinos the dependence on the beam polarization is also more pronounced than for the higgsino case.
Lepton angular distribution for polarized beams
For higgsino-like neutralinos the distribution is nearly independent of the beam polarization and almost the same as for unpolarized beams (Fig. 3) . Similarly, for the gaugino-like scenario (B) and left-handed electrons only the magnitude of the distribution changes for different positron polarization (Fig. 4) . The consequence of non-factorization of the angular distribution in production and decay is most pronounced for gaugino-like neutralinos and right-handed electrons (Fig. 5) .
For unpolarized beams the differential cross section dσ/ cos Θ − is larger in the forward hemisphere. For e − e + -polarization (+0) the distribution is nearly symmetric. For beam polarization (+−) the backward hemisphere is favoured.
The lepton opening angle distribution for polarized beams
Also in the case of polarized beams the opening angle distribution factorizes into the contributions from production and decay due to the Majorana nature of the neutralino. In both scenarios the only effect of beam polarization is to increase or to reduce the cross sections without changing the shape. The dependence on beam polarization is the same as that for the total cross section, Table 1 
Energy distributions for polarized beams
The energy distributions of the outgoing leptons in the laboratory frame again factorize due to the Majorana character of the decayingχ 0 2 . Since in both scenarios the shape is very similar, we only show the energy spectra of ℓ − for scen. (B) and different combinations of beam polarization (Fig. 8) . As a consequence of factorization the shape is independent of beam polarization. Because of CP invariance and the Majorana character the energy spectra of ℓ − and ℓ + are identical [10] .
Summary and conclusions
We have studied the production of neutralinos, e + + e − →χ 0 1 +χ 0 2 with polarized beams and the subsequent leptonic decay,χ 0 2 →χ 0 1 + ℓ + + ℓ − . We have fully taken into account the spin correlations between production and decay. The lepton angular and energy distributions, and the distribution of the opening angle between the outgoing leptons at √ s = 500 GeV have been computed for two representative scenarios. The quantum mechanical interference effects modify appreciably the decay lepton angular distributions. Especially for gaugino-like neutralinos we find contributions up to 15% from spin correlations between production and decay. The shape of the angular distributions depends on the beam polarization. The effect of spin correlations is strong for right-handed electrons and gaugino-like neutralinos. It is smaller for left-handed electrons in both scenarios considered. The mixing character of the neutralinos influences the beam polarization dependence of the total cross section. Therefore, the polarization of both beams is very useful for constraining the parameters of the MSSM.
Owing to the Majorana character of the neutralinos the quantum mechanical interference effects between various polarization states of the decaying neutralinoχ 0 2 cancel in the energy spectrum and in the distribution of the ℓ − ℓ + -opening angle. Consequently, these distributions factorize into production and decay similarly to the case of spinless particles. Accordingly, the shape of these distributions is independent of the beam polarization. Table 1 . Table 1 . Table 1 . Table 1 (solid) and for unpolarized case (dotted). Table 1 (solid) and for unpolarized beams (dotted). Table 1 (solid) and for unpolarized beams (dotted).
